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Einstein-Gauss-Bonnet (EGB) model is recently restudied in order to analyze new consequences
in gravitation, modifying appropriately the Einstein-Hilbert action. The consequences in EGB
cosmology are mainly geometric, with higher order values in the Hubble parameter. In this vein this
paper is devoted to constrain the characteristic parameter, α, of the EGB model when a cosmological
constant as the catalyst for the acceleration is considered. The constrictions are developed at the
background cosmology using Observational Hubble Data, Baryon Acoustic Oscillations, Supernovaes
of the Ia type, Strong Lensing Systems and the recent compilation of HII Galaxies. Additionally,
we implement a statefinder analysis where we found not only a late acceleration but also an early
Universe acceleration which is associated with the parameter α. Based on our results of the lensing
systems, the Universe evolution never reaches a non accelerated phase, instead it is always presented
in an accelerated state.
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I. INTRODUCTION
Several theories of gravity have emerged in order to
solve the profound conundrums of the Universe evolu-
tion like the dark matter (DM) and the dark energy (DE)
problems. Centered in the DE problem, the first evidence
comes from observations of Supernova of the Ia type
(SNIa) [1] and confirmed by the acoustic peaks of Cosmic
Microwave Background Radiation (CMB) [2], that the
Universe is in an accelerated stage and possibly driven by
a DE fluid or by a modification to General Theory of Rel-
ativity (GR). Among the most accepted candidates are
for example the Chaplygin fluids, the cosmological con-
stant, phantom fluids, phenomenological emergent dark
energy models, viscous fluids, among other (see the fol-
lowing references [3–5] for a compilation). On the other
hand geometrical extensions to GR are also comprehen-
sive candidates, being the extra dimensional theories [6–
9], f(R) theories [10, 11], and unimodular gravity [12–
15], some of the most important contenders. It is worth
notice that in literature, the cosmological constant (CC)
which together cold dark matter (DM), baryons and rela-
tivistic species, make up the well known standard cosmo-
logical model or also called Λ-Cold Dark Matter model
(ΛCDM), being the CC the preferred component to de-
scribe the Universe acceleration. Despite its success, the
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CC afflicts with severe problems when it is assumed that
the CC is caused by quantum vacuum fluctuations, in-
deed, its theoretical value differs ∼ 120 orders of magni-
tude [16, 17] in comparison with the value obtained by
the most precise cosmological observations [2].
Recently, the Einstein-Gauss-Bonnet (EGB) gravity
[18] has surged, predicting non-trivial contributions to
gravitational dynamics and preserving the same num-
ber of degrees of freedom for the graviton as GR (other
previous studies of EGB can be tracked since the Refs.
[19, 20]). In cosmology, the EGB framework adds higher
order terms in the Hubble parameter to the Friedmann
equations which have important consequences mainly in
the early epoch of the Universe. Moreover, the continu-
ity equation does not suffer with modification despite the
extra terms considered in EGB theory. Matter density
perturbations are also studied in EGB context, present-
ing differences with ΛCDM in parameter σ8 [21]. Fur-
thermore, they are tuned with an extra free parameter
named α which is expected to be negligible mainly in
the late Universe. For instance in [21], the dimension-
less value1 of α→ α¯ is expected to be of the order 10−2,
with the aim to fit with the expected dynamics of Hubble
parameter H and the deceleration parameter q (see also
[22]). Recently, the authors in [23] propose a constric-
tion given by 0 . α . 108m2 based on observations of
1 The dimensionless parameter α can be constructed through α¯ ≡
3αH20 which will be discussed hereafter.
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2binary black holes. Other bounds for α from several as-
trophysical and cosmological phenomena can be checked
in [24–28].
Another consequences of EGB gravity are For exam-
ple, in a robust analysis through dynamical systems ap-
plied to cosmology developed in [29] or in studies based
on black holes and stellar dynamics in EGB framework,
studied in [24–28], which present functional forms of how
elucidate the differences among the standard knowledge
based in GR and in EGB paradigm. Additionally, studies
on strong gravitational systems have been done recently
in [30, 31] where they studied several parameters and its
correlation with EGB parameter that causes differences
with the standard GR for the gravitational lensing by
Schwarzschild and charged black holes. Regarding gravi-
tational waves (GW) authors in [32] find a bound for the
EGB parameter as α˜ . O(1)eV−2, obtaining one of the
first constrictions of α˜ in the EGB model, in addition,
Refs. [23] presents therein the bound α ≈ 1049eV−2,
using the velocity propagation of GW.
As far as we know, there is no literature where EGB
model has been constrained at cosmological background
with the recent cosmological samples. In this sense, this
paper is devoted to revisit the EGB gravity and constrain
its main free parameters through the current cosmolog-
ical observations, like SNIa [33], Strong Gravitational
Lensing (SLS) [34], Observational Hubble Data (OHD)
[35], Baryon Acoustic Oscillations (BAO) [36], HII star-
burst galaxy (HIIG) [37], together with a joint analysis
combining the mentioned observations. We compute an
appropriate equation of H2, that emerge from the EGB
cosmology in order to present the constrictions of the
free parameters. Deceleration and jerk parameters are
also presented together with a statefinder analysis that
discriminate details of EGB dynamics.
The outline of the paper is as follows. Section II is ded-
icated to present the theoretical framework of the EGB
models, focusing in Hubble, deceleration and jerk param-
eters. Sec. III presents the details of the samples and the
methodology to obtain the EGB constraints. Sec. IV
show the results obtained together with the comparison
to the standard ΛCDM model. Finally in Sec. V we de-
velop the conclusions and outlooks. In what follows we
will use units in which ~ = c = k = 1, unless we indicate
otherwise.
II. THEORETICAL FRAMEWORK
The action of the EGB gravity can be written in the
form [18]
SEGB [gµν ] =
∫
dd+1x
√−g
[ 1
2κ2
(R− 2Λ) + Lm
+
α
d− 3G
]
, (1)
where κ2 ≡ 8piG, G is the Newton constant, Λ is an ef-
fective cosmological constant, R is the Ricci scalar, Lm is
the matter Lagrangian, α is an appropriate free parame-
ter, G = 6Rµν[µνRρσρσ] is the Gauss-Bonnet contribution
to the Einstein-Hilbert action and d+ 1 is considered in
the limit when limd→3 d + 1 as presented in [18]. Mini-
mizing the action, the field equation can be written as
Gµν + Λgµν +
α
(d− 3)(4RRµν − 8RµαR
α
ν
−8RµανβRαβ + 4RµαβσRαβσν − gµνG) = κ2Tµν . (2)
Notice that when α = 0, the standard Einstein field equa-
tion with a CC is recovered.
In order to study the background cosmology, we
assume a flat Friedmann-Lemaitre-Robertson-Walker
(FLRW) line element, which form is ds2 = −dt2 +
a(t)2(dr2 + r2dΩ2) where dΩ2 = dθ2 + sin2 θdϕ2 is the
solid angle and a(t) is the scale factor. The energy-
momentum tensor is the usual, described by the following
tensor equation
Tµν = pgµν + (ρ+ p)uµuν , (3)
where p and ρ represent the pressure and energy den-
sity of the fluid respectively and uµ is the fluid cuadri-
velocity and assumed in a comovil coordinate system.
After some manipulations of the previous expressions,
the Friedmann equation for EGB reads
H2 + 3αH4 =
κ2
3
∑
i
ρi +
Λ
3
, (4)
where we assume a perfect fluid for the energy-
momentum tensor and H ≡ a˙/a, being the dot a tempo-
ral derivative. Moreover, the continuity equation takes
its traditional form as∑
i
[ρ˙i + 3H(ρi + pi)] = 0. (5)
In terms of the dimensionless variables, Eq. (4) is re-
written as
E(z)2 + α¯E(z)4 = Ωm0(z+ 1)
3 + Ωr0(z+ 1)
4 + ΩΛ0, (6)
where α¯ ≡ 3αH20 , Ωi0 ≡ κ2ρi/3H20 and ΩΛ0 ≡ Λ/3H20 ,
being H0 the Hubble parameter at today and it is con-
sidered the matter (baryons and dark matter) and rel-
ativistic particles (photons and neutrinos), where radi-
ation can be constrained with the expression Ωr0 =
2.469 × 10−5h−2(1 + 0.2271Neff), where Neff = 3.04 is
the standard number of relativistic particles [38]. An-
other important consideration is that α¯ is a positive value
as inflation demands (see Ref. [23] for details).
In order to constrain the α¯ parameter, we divide the
problem in two branches through Eq. (6). Therefore, if
we only consider the branch where we have a real value
of E(z), then we have
E(z)2 =
1
2α¯
[√
1 + 4α¯Ω(z)std − 1
]
, (7)
3where
Ω(z)std ≡ Ωm0(z + 1)3 + Ωr0(z + 1)4 + ΩΛ0 , (8)
is the standard cosmological model. Eq. (7) is con-
strained to the condition E(0) = 1, having the following
relation
ΩΛ0 =
(2α¯+ 1)2 − 1
4α¯
− Ωm0 − Ωr0 . (9)
Notice that when α¯→ 0, in (7) the standard Friedmann
equation is recovered. In addition, the deceleration can
be computed through the q(z) formula, resulting in
q(z) =
1
2E(z)2
[
3Ωm0(z + 1)
3 + 4Ωr0(z + 1)
4√
1 + 4α¯Ω(z)std
]
− 1.
(10)
Moreover the jerk parameter can be constructed through
the j ≡ ...a/aH3 function, having
j(z) = q(z)2 +
(z + 1)2
2E(z)2
d2E(z)2
dz2
− (z + 1)
2
4E(z)4
×
(
dE(z)2
dz
)2
, (11)
where
dE(z)2
dz
=
3Ωm0(z + 1)
2 + 4Ωr0(z + 1)
3√
1 + 4α¯Ω(z)std
, (12)
d2E(z)2
dz2
= −2α¯[3Ωm0(z + 1)
2 + 4Ωr0(z + 1)
3]2
[1 + 4α¯Ω(z)std]3/2
+
6Ωm0(z + 1) + 12Ωr0(z + 1)
2√
1 + 4α¯Ω(z)std
. (13)
Finally, a statefinder analysis is based in a study in the
{s, r}-plane [39, 40]. The main parameters are defined
by the following geometric variables
r ≡ j =
...
a
aH3
, (14)
s =
r − 1
3(q − 1/2) , (15)
where r ≡ j, is also the jerk parameter but written in
the statenfinder notation. We remark that the ΛCDM is
located at (s, r) = (0, 1) in the statefinder space-phase.
III. OBSERVATIONAL CONSTRAINTS
In order to constrain the free parameters we employee
the SNIa, BAO, OHD, SLS and HIIG samples (see [33–
37]). To constrain the EGB parameters, we perform a
Markov Chain Monte Carlo (MCMC) analysis, based on
the emcee Phyton module [41], by setting 2500 chains
with 250 steps each one. The nburn phase is stopped up
to obtain a value of 1.1 on each free parameter in the
Gelman-Rubin criteria [42]. Then, we build a Gaussian
log-likelihood as the merit-of-function to minimize
− 2 log(Ldata) ∝ χ2data, (16)
for each dataset mentioned previously. Additionally, a
joint analysis can be constructed through the sum of
them, i.e.,
χ2Joint = χ
2
SNIa + χ
2
BAO + χ
2
OHD + χ
2
SLS + χ
2
HIIG, (17)
where subscripts indicate the observational measure-
ments under consideration. The rest of the section is
devoted to describe the different cosmological observa-
tions.
A. Supernovas of Ia Type
The most recent and largest compilation provided by
[33], contains the observations of the luminosity modulus
from 1048 SNIa located in the redshift region 0.01 < z <
2.3. The merit of function is constructed as
χ2SNIa = (mth −mobs) · Cov−1 · (mth −mobs)T, (18)
where mth − mobs is the difference between the theo-
retical and observational bolometric apparent magnitude
and Cov−1 is the inverse of the covariance matrix. The
theoretical counterpart is estimated by
mth =M+ 5 log10[dL(z)/10 pc], (19)
where M is a nuisance parameter and dL(z) is the di-
mensionless luminosity distance given by
dL(z) = (1 + z)c
∫ z
0
dz′
H(z′)
, (20)
where c is the light velocity, recovered in order to main-
tain the correct units.
B. Baryon Acoustic Oscillations
BAO are standard rulers, being primordial signatures
of the interaction of baryons and photons in a hot plasma
on the matter power spectrum in the pre-recombination
epoch. Recently, the authors in [43] collected 15 transver-
sal BAO scale measurements, obtained from luminous red
galaxies located in the region 0.110 < z < 2.225. To con-
front cosmological models to these data, it is useful to
build the χ2-function as
χ2BAO =
15∑
i=1
(
θiBAO − θth(zi)
σθiBAO
)2
, (21)
where θiBAO is the BAO angular scale and its uncertainty
σθiBAO is measured at zi. The theoretical counterpart,
θth, is estimated as
θth(z) =
rdrag
(1 + z)DA(z)
. (22)
4In the latter, rdrag is the sound horizon at baryon drag
epoch and DA = dL(z)/(1 + z)
2 is the angular diameter
distance at z, with dL(z) defined in (20). Finally, we use
the rdrag = 147.21± 0.23 reported by [2].
C. Observational Hubble Data
The Observational Hubble Data (OHD) are a cosmo-
logical model independent measurements of the Hubble
parameter H(z). We consider the OHD compilation pro-
vided by [35] which contains 51 points given by the dif-
ferential age (DA) tool and BAO measurements, within
the redshift region 0 < z < 2.36. Hence, the chi square
function for OHD can be written as
χ2OHD =
51∑
i
(
Hth(zi)−Hobs
σiobs
)2
, (23)
where Hth(z) and Hobs(zi)±σiobs, are the theoretical and
observational Hubble parameter at the redshift zi.
D. Strong Lensing Systems
The Einstein radius of a lens described by the Singular
Isothermal Sphere (SIS), is defined by
θE = 4pi
σ2SISDls
c2Ds
, (24)
where σSIS is the velocity dispersion of the lens galaxy,
Ds is the angular diameter distance to the source, and
Dls is the angular diameter distance from the lens to
the source. While the first one is obtained by Ds =
dL(z)/(1 + z)
2, the latter is estimated by
Dls(z) =
c
1 + z
∫ zs
zl
dz′
H(z′)
, (25)
where zl (zs) is the redshift of the lens (source). Hence,
it is possible to define a theoretical distance ratio Dth ≡
Dls/Ds and the observable counterpart as D
obs =
c2θE/4piσ
2. Therefore, the merit of function for SLS is
χ2SLS =
205∑
i
[Dth(zl, zs)−Dobs(θE , σ2)]2
(δDobs)2
, (26)
where
δDobs = Dobs
[(
δθE
θE
)2
+ 4
(
δσ
σ
)2]1/2
, (27)
being δθE and δσ the uncertainties of the Einstein radius
and velocity dispersion respectively.
E. HII Galaxies
As it is discussed in [37], the HIIG can be used as an
alternative form to constrain diverse cosmological models
due to the correlation between the observed luminosity
and the velocity dispersion of the ionized gas. This men-
tioned correlation can be written as
logL = β log σ + γ, (28)
where L is the luminosity, σ the velocity dispersion, γ
and β are the intercept and slope functions respectively
[37]. Therefore, the distance modulus takes the form
µobs = 2.5 logL− 2.5 log f − 100.2, (29)
where f is the flux emitted by the HIIG. On the other
hand, the theoretical distance modulus is
µth(z) = 5 log dL(z) + 25, (30)
being dL(z) the luminosity distance defined in (20).
Hence, motivated by the recent collection provided by
[37] containing a total of 153 HIIG measurements, we
constrain the parameter phase-space Θ = (h,Ωm0, α¯) of
EGB model by building the following figure-of-merit
χ2HIIG =
153∑
i
[µth(Θ, zi)− µobs(zi)]
2i
, (31)
where i is the uncertainty of the ith measurement.
IV. RESULTS
Our cosmological constrictions applied to EGB model
are presented in Figure 2 which the 2D regions corre-
spond to 68% CL (1σ) and 99.7% CL (1σ) for darker
and lighter contours respectively for each data sample.
Furthermore, the central values of the free model param-
eters with their uncertainties at 1σ are summarized in
Table I according to each data and the combined data
(joint analysis). The joint analysis give us a value of α¯
of the order ∼ 10−3, which is the most restricted bound
on α¯ through cosmological observables and competitive
with those obtained by [21]. These confidence contours
also remark that there is not a tension with cosmologi-
cal data at the background level, but it is needed a CC
at least to obtain the expected Universe dynamics How-
ever the mystery of the origin of the CC is still an open
question. Moreover, it is presented in Fig. 1 the best
fits for the evolution of the Hubble parameter in terms of
the red shift for the four cosmological samples and joint;
a comparison with the standard cosmological model it
is shown, together with the H(z) data. In addition,
we show in Figs. 3 the deceleration and jerk parame-
ters and their comparison with ΛCDM. As it is inter-
esting to observe from the jerk reconstruction, the EGB
model has as upper limit the ΛCDM in the past (z > 0),
5having a convergence to this model at z = 0. There-
fore a possible conclusion is due to the correction terms
to ΛCDM caused by EGB gravity, CC mimics dynami-
cal characteristics instead to have jΛCDM = 1 for times
z < 2.5. Additionally, we estimate a yield value of the
deceleration-acceleration transition at zt = 0.612
+0.012
−0.012.
At current epochs, we obtain q0 = −0.513+0.007−0.007 and
j0 = 0.999
+0.001
−0.002 for the deceleration and jerk parameters,
respectively. In case of ΛCDM, the transition redshift is
estimated at zΛCDMt = 0.642
+0.014
−0.014, which corresponds
a deviation of 0.92σ, while the deceleration parameter
today is qΛCDM0 = −0.63+0.02−0.02 for ΛCDM obtaining a de-
viation of 3.11σ. Additionally, another useful comparison
is with cosmological viscous models like those studied in
[44], where qCVM0 = −0.568+0.018−0.021, jCVM0 = 1.058+0.039−0.033,
qPVM0 = −0.472+0.064−0.056 and jPVM0 = 0.444+0.344−0.394 for the
constant (CVM) and polynomial viscous models (PVM)
respectively. In comparison, we obtain a deviations up
to 1.61σ (0.91σ) between CVM (PVM) and EGB model.
Regarding statefinder analysis, we show in Figs. 4 the
phase-state for r-s and r-q respectively. Notice the con-
vergence to the ΛCDM attractor point for lower values
of α¯, as it is expected. Furthermore, it is important to
remark that this kind of models predicts an early accel-
erated phase –not only the accelerated phase at z ∼ 0.6–
(see Figs. 4), which could generate problems for the es-
tablished knowledge of cosmology, in particular, for im-
portant phases of the Universe like structure formation,
nucleosynthesis, reionization, among others. Based on
our joint analysis, the earlier acceleration-deceleration
transition happens around zt ≈ 17.2 which coincides
with reionization epoch. Notice also that for values of
α¯ ∼ 10−9, this transition is moved to the photon decou-
pling era (z ≈ 1300). Moreover, lower values for α¯ imply
a no so long early accelerated phase, which could have im-
portant consequences, notice however that through cos-
mological constrictions always exist this early accelera-
tion (see Figs 4)2. Other complementary constrictions
developed by astrophysical events could reduce the pres-
ence of α¯ avoiding the early Universe accelerations pre-
dicted by our cosmological constrictions.
V. CONCLUSIONS AND OUTLOOKS
In this paper, we present the constraints for EGB free
parameters through the most recent cosmological obser-
vation. Our results from the Joint analysis, show that the
EGB free parameter α¯, must be of the order 0.001+0.002−0.001,
therefore we have that α ≈ 10−3/3H20 = (1.604+0.017−0.018)×
1062eV−2, which is the best constriction up to now using
cosmological data at the background level. Our results
complement also to those collected in [23], where they
found the bound 0 . α . 2.57 × 1021eV−2, from binary
2 Notice that when α¯→ 0 the early acceleration tends to infinity.
0.0 0.5 1.0 1.5 2.0 2.5
z
0
50
100
150
200
250
300
H
(z
) [
Km
/s
/M
pc
]
OHD
BAO
SNIa
SLS
HIIG
Joint
CDM
H(z) data
FIG. 1: Best fits for each data sample and joint,
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FIG. 2: 1D posteriors distributions and 2D contours of
the free parameters for EGB model at 1σ and 3σ CL
(from darker to lighter respectively).
black holes systems and α ≈ 1049eV−2, from velocity
propagation of gravitational waves [23, 45].
In addition, the different cosmological observations are
not in tension with the cosmological EGB model, but it
is necessary to include a CC to drive the late accelerated
expansion phase of the Universe. When the deceleration
and jerk parameters were analyzed, we found there is a
deceleration-acceleration transition at zt = 0.612
+0.012
−0.012
which is in agreement with the standard cosmological
6TABLE I: Best fitting values of the free parameters for the EGB model with the different samples used in this paper.
Sample χ2 h Ωm0 α¯ M
OHD 25.8 0.677+0.004−0.004 0.312
+0.005
−0.005 0.011
+0.007
−0.005 –
BAO 40.7 0.686+0.004−0.004 0.315
+0.006
−0.006 0.008
+0.014
−0.006 –
SNIa 39.8 0.677+0.004−0.004 0.312
+0.005
−0.005 0.028
+0.028
−0.018 −19.400+0.016−0.016
SLS 577.8 0.676+0.004−0.004 0.311
+0.006
−0.006 0.281
+0.218
−0.143 –
HIIG 2269.5 0.677+0.004−0.004 0.331
+0.005
−0.005 0.0006
+0.0011
−0.0005 –
Joint 6181.9 0.676+0.004−0.004 0.326
+0.005
−0.005 0.001
+0.002
−0.001 −19.400+0.012−0.012
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FIG. 3: Reconstruction of deceleration and jerk
parameters (red solid line) using the joint analysis.
Inner (outer) bands represent the uncertainties at 1σ
(3σ) CL. Magenta star markers represent ΛCDM model.
model. On the other hand, the analysis of the jerk pa-
rameter show us that the CC can mimic a dynamical evo-
lution under the EGB formalism, without adding com-
plexity in the EoS equation associated to DE.
Moreover, the statefinder analysis remarks an acceler-
ated Universe phase in early epochs, which could have
affectations in nucleosynthesis or reinoization epochs. In
particular for the joint analysis results, we have a tran-
0.0 0.5 1.0 1.5
s
0.5
0.0
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FIG. 4: Top panel: Evolution of EGB model in the
statefinder phase-space. At the future, EGB model
converges to ΛCDM. Bottom panel: jerk vs deceleration
parameter, showing a division between an accelerated
and decelerated Universe. Both panels correspond to
the redshift range −1 < z < 1000.
sition to an accelerated Universe at zt ≈ 17.2, which
is into the reionization epoch. As it is possible to ob-
serve, large values of α¯ generate that the early universe
acceleration stay long time, even, never disappears from
the scenario evolution like in the case of SLS constric-
tions. We observe that for values α¯ ∼ 10−9, the acceler-
7ated phase happens approximately at photon decoupling
epoch, modifying its physics. On the other hand, such
earlier acceleration phased may play an important role to
explain the inflationary cosmology that could be explored
in future works. In this sense, further studies through as-
trophysical events, such as black holes or neutron stars,
are needed to obtain strong constrictions of the parame-
ter α¯ and allow a small range for the early acceleration
or rule it out. We remark that models with the pres-
ence of a early dark energy, mainly in the recombination
epoch [46] are considered by several authors as solution
to the H0 tension between CMB and Supernovaes mea-
surements. Finally, to confirm the EGB cosmology pre-
dictions it is necessary a perturbative analysis, which will
be also studied in future and presented elsewhere.
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